Influence of chronic acidosis on plasma glutamine and urea production in the nephrectomized rat nitrogen contained in NH&l loads, in a second group. Plasma glutamine and urea concentration were measured before and serially over 600 min after bilateral nephrectomy. Following nephrectomy, glutamine levels fell in both normal and chronically acidotic groups. On the other hand, plasma urea rose linearly over the 600-min observation period. The rate of rise was significantly greater in acidotic rats than in normal rats. Urea production by the chronically acidotic nephrectomized rats was greater than that of normal nephrectomized rats; furthermore, postnephrectomy urea production exceeded prenephrectomy rates only in chronically acidotic rats. These findings indicate accelerated urea production by chronically acidotic nephrectomized rats, which, in part, may result from a shift of nitrogen from glutamine to urea production. 
Z3IIlIllOnia
CXCreti On increases while urea excretion decreases ( 11, 18) . This reciprocal decrease in urea excretion was originally attributed to urea serving as the ammoniagenic precursor (15, 18). However, it was subsequently shown that urea extraction was not augmented in acidosis (ZZ), whereas amino acids (25), glutamine (3 1) in particular, had increased extraction rates. It is now firmly established that glutamine nitrogen accounts for essentially all of the endogenous ammonia production by the kidney of dog (23) , man (ZO), and rat ( 14). Therefore, the original observation reflects the extrarenal partition of nitrogen between urea and glutamine production (24) . Accordingly, chronic acidosis must exert some influence by which glutamine production is accelerated at the expense of urea production. It was our purpose to gain some insight into this mechanism by observing the effect of bilateral nephrectomy on plasma glutamine and urea production.
We tomy serial blood samples were obtained at 150, 300, and 600 min. Body temperature was monitored by a rectal thermistor throughout the study, and when necessary, the animals were warmed by a heating lamp. Studies of venous and arterial blood glutamine difference were performed on three nonacidotic and four NH&l-induced acidotic rats. After inducing anesthesia, the abdominal cavity was opened, the right ureter was cannulated with PE-50 tubing, and urine was collected under oil in a tared vessed over a 15-min period. At the end of the period, 0.5 ml-samples of renal venous blood were collected. Renal venous blood was obtained directly via venipuncture from the right renal vein over a 30-set interval, and arterial blood was obtained from a cannula in the femoral artery. Urine pH was measured in a Beckman pH meter. Urinary ammonia was measured by the Conway microdiffusion method (4) ; the ammonia collected in the center well was determined by the calorimetric method of Chaney and Marbach (3). Urea was determined using urease; the liberated NH3 was measured directly (3); the preformed NH3 was substracted as a blank. Plasma total CO2 was measured on 0.030-ml samples by the Natelson apparatus ( 19). Glutamine was measured by the following micromethod: 0.100 ml plasma was added to 0.200 ml acetate buffer (pH 4.9) and 0.100 ml of enzyme solution, 1 unit glutaminase per milliliter, and incubated at 37 C; a blank was included for preformed plasma ammonia in which 0.100 ml distilled water replaced the enzyme solution. After 30 min incubation, proteins were precipitated with 0.3 ml of tungstic acid and 1.0 ml ice-cold, ammonia-free, distilled water. Standards containing 0.5 or 1.0 pmole/ml glutamine were treated similarly. After centrifugation, 0.5-ml aliquots of the supernatant were transfered to tubes containing 1.0 ml phenol reagent, mixed and followed by 1 .O ml hypochlorite reagent (3). The mixture was incubated for 30 min at 37 C, and the blue color was read at 630 mp. The glutamine amide nitrogen liberated as ammonia was calculated as described by Archibald (2). Recoveries of added 0.5 pmole/ml glutamine were determined with every experiment ; recovery was essentially 100 %.
Calculations. Postnephrectomy urea production rates were calculated by a modification of the method described by Engel et al. (7). In place of a single blood sample from which the increment in blood urea is determined as previously described, we obtained four serial blood samples.
An evaluation of the linearity of the rate of rise of blood urea allows an assessment of nephrectomy, as the signal event, upon urea production.
With a single sample, differences between experimental groups may be attributed to variable hourly production rate and not necessarily related to the experimental treatment. This modification becomes critical when calculating production rates over postnephrectomy periods of greater than 20 hr, after which time a linear rate of urea rise is no longer observed (7). With this modification, the increment in total body urea content (TBU) was obtained from the linear rise in plasma urea concentration, (urea), times the total body water (TBW).
TBW was taken to be 70 % of body weight as an average based on previously published values (6, 7). Providing a similar degree of hydration in the experimental groups, the accuracy of this estimate is not critical. Thus:
(urea), X TBW = TBU/linear time course = urea production pmole/ml X ml = pmole/600 min = pmole/min
From preliminary experiments, we established that a difference in urea production rate as small as 1.1 pmoles/ min could be readily detected1 (29). Prenephrectomy urea production rates were estimated from the 24-hr excretion rate immediately preceding bilateral nephrectomy.
In comparing pre-and postnephrectomy production, the accuracy of the postnephrectomy rate depends on the TBW estimate. l (X -m) 2 = (t2s2) /n where t = 2.6, n = 6, the number of rats, s = 1.2 pmoles/min, SD, and (X -m) = the difference between the, mean of control and test group. Comparison of pre-and postnephrectomy data. Urea production rates, calculated as described in METHODS, before and after nephrectomy are shown in Table 3 . As is clearly evident, postnephrectomy urea production rates were greater (P < 0.02) in both groups of chronically acidotic rats than in nonacidotic controls. In comparing each rat with its prenephrectomy rate, only chronically acidotic rats had increased production rates following nephrectomy. A comparison of prenephrectomy nitrogen excretion, expressed as the sum of ammonium plus urea nitrogen, with urea production following nephrectomy appears in Fig. 4 . This figure presents a quantitative comparison of nitrogen partition before nephrectomy, at which time both urea and ammonia are produced, with urea production after nephrectomy.
If glutamine production is shifted to urea production following removal of the kidney, then urea production should be equal to the sum of urea plus ammonia excretion. Accordingly, prior to nephrectomy, nonacidotic rats excreted 9.0 pmoles urea nitrogen per minute (Table  3 ) plus 0.6 pmole ammonia nitrogen per minute (Table  1 ) or 9.6 pmoles nitrogen compared to 9.6 pmoles urea nitrogen produced following nephrectomy. In NH&l acidosis, 13.9 pmoles nitrogen were excreted per minute compared to 16.8 pmoles/min incorporated into urea. Therefore, these findings are consistent with a shift of nitrogen from glutamine to urea production. The   TABLE   3 . Urea excretion before nephrectomy compared to urea production after nephrectomy by nonacidotic and chronically acidotic rats higher prenephrectomy nitrogen excretion rate by NH&l-treated rats ( 13.9 pmoles/min) compared to that by controls (9.6 pmoles/min) reflects nitrogen ingested as NH&l. In Diamox acidosis, the sum of urea plus ammonia nitrogen excretion was similar to nonacidotic controls. However, with neph rectomy, nitrogen incorporation into urea jumped to 14.0 E.tmoles/min compared to 8. (Fig. 4) . Extrarenal glutamine production appears coordinated with renal extraction, since plasma concentrations are not altered (23) . This raises the possibility of the kidney emitting a signal by which glutamine production is coupled to renal glutamine uptake. Since renal vein ammonia content increases in acidosis (1) and as ammonia stimulates both muscle ( 12) and liver ( 1) glutamine release, ammonia itself may function in some manner to attune total body glutamine metabolism to the needs of the kidney. It was our hope that characteristics of this system and the possible role of the kidney would be more clearly discernible following nephrectomy. First, nephrectomy eliminates an important site of glutamine uptake. Some estimate of its importance can be realized from uptake rates of 1-3 pmoles/min (Table 2) when the apparent total body glutamine turnover rate in the rat approximates 7-8 pmoles/ min (5). Consequently, elimination of renal glutamine uptake should lead to an accumulation of glutamine in the plasma. However, this did not occur. Second, based on prenephrectomy rates we expected postnephrectomy urea production rates to be equal to or less in acidotic rats than in the nonacidotic controls. However, postnephrectomy production rates were actually 140-l 75 % greater in acidotic (Fig. 4) . The close agreement for nonacidotic and NH&l acidotic rats supports the contention that urea production is accelerated at the expense of glutamine;
however, in Diamox acidosis urea production rates are considerably greater than the sum of ammonia plus urea excretion rates, indicating nitrogenous sources other than glutamine contribute to postnephrectomy urea production as well. The accelerated urea production apparently occurring at the expense of glutamine production in NH&l acidotic rats suggests a reversal of the prenephrectomy nitrogen partition.
Since this difference between pre-and postnephrectomy nitrogen partition was observed as a linear function of time following nephrectomy, the removal of the kidneys may be the important factor in accelerating urea production.
In this regard, there are numerous reports of a renal influence on nitrogen metabolism and specifically on urea production ( 17, 2 1). For example, urea production increases with the degree of nephrectomy, being maximal after total nephrectomy (2 1). Glutamine has also been implicated in the accelerated urea production rate of liver slices taken from nephrectomized rats; supplementing
